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LXXXIX. --Hydroxyoxamides. 
By ROBERT HOWSON PICKARD, .Sc., Ph.D., and WILLIAM CARTER. 
ROTERMUND (Annalen, 1875,175,313)  showed that an  aqueous solution 
of the potassium salt of dibenzhydroxamic acid evolves carbon dioxide 
and yields s-diphenylcarbamide and potassium benzoate. Thiele and 
one of us subsequently (AnnaZen, 1899, 309, 189) have shown that, 
in general, the salts of acylhydroxamic acids easily decompose, forming 
carbimides, which, in presence of water, yield carbon dioxide and a 
s-disubstituted carbamide ; in presence of an  alcohol, the corresponding 
carbamnte ; and in presence of ammonia, a monosubstituted carb- 
amide, thus, for example : 
C,H,*C (OK) :NO AC 4 KOAc + (C,H,*CNO) - CGH5.NC0 ; 
C,H,*NCO + HOEt = C,H,*NH*CO,Et. 
Since it is not necessary to  isolate the carbimides formed in the course 
of these reactions in order to obtain the carbamides, &c., this method 
appeared a suitable one for preparing from monohydroxyoxamides the 
monosubstituted biurets and allophanates, of which up to the present 
only the phenyl derivatives are known. 
Monohydroxyoxamides, R*NH*CO*CO*NH*OH, are quantitatively 
obtained by the hydrolysis of ethyl oxamates, R*NH*CO*CO,Et, with 
an  anhydrous alcoholic solution of hydroxylamine ; they have all the 
characteristics of hydroxamic acids, giving cherry-red colorations 
with ferric chloride, and forming insoluble, grass-green, copper salts ; 
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
01
. D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
ity
 o
f C
al
ifo
rn
ia
 - 
Sa
nt
a C
ru
z o
n 
26
/1
0/
20
14
 2
3:
18
:4
4.
 
View Article Online / Journal Homepage / Table of Contents for this issue
842 PICKARD AND CARTER : HYDROXYOXAMIDES. 
they easily form acetyl derivatives, RNH*CO*C(OH):NOAc, which 
are well defined, crystalline substances, do not give the characteristic 
reactions of hydroxamic acids, are, however, acid in reaction, and form 
well-defined, crystalline salts. 
The saIts of acetylhydroxyoxamides decompose in presence of water, 
yielding compounds of the type of carbonyldicarbamide, 
CO(NH*CO*NH,), ; 
when boiled with water containing a little ammonia, they decompose, 
often with great violence, giving quantitative yields of monosubstituted 
biurets, R*NH*CO*NH*CO*NH,. Similarly, when these salts are 
boiled with ethyl alcohol, the corresponding allophanate, 
is obtained. 
R*NH*CO*NH*CO,Et, 
H y  droxy oxamids. 
Hydroxyoxamide, NH,*CO*CO*NH*OH, haslbeen prepared by Schiff 
and Monsacchi (Annalen, 1895, 288, 290). The yield is quanti- 
tative, if the oxamet,hane is hydrolysed with an anhydrous alcoholic * 
solution of hydroxylamine. The acetyl derivative (Zoc. c i t . )  gives an 
acid reaction with litmus, but is so very slightly soluble in water or 
alcohol that the preparation of any salts was impossible. When the 
acetyl derivative is warmed with the calculated quantity of sodium 
carbonate solution, it dissolves, and a very violent reaction starts. 
When this is over, small crystals of carbonyldicarbamide (Schmidt, 
J. p .  Chem., 1872, [ii], 5, 39) are deposited. This was identified by its 
solubilities, and by the  fact that, when warmed with potash, it yielded 
ammonia and cyanuric acid. 
A quantitative yield of biuret is obtained when acetylhydroxy- 
oxamide is boiled with a dilute solution of ammonia, The acetyl 
compound dissolves, a very vigorous reaction ensues, and on cooling 
the solution deposits long, acicular crystals of biuret. This was iden- 
tified by its melting point, the reaction with copper sulphate and 
potassium hydroxide, and the following analysis : 
0.1059 gave 31.6 C.C. moist nitrogen at 14' and 756 mm. N = 34.92. 
C2H,02N,,H20 requires N = 34.71 per cent. 
P h n  ylhydroxyoxamide. 
Phenylhydroxyoxamide (Schiff and Monsacchi, Zoc. cit.) is obtained 
quantitatively by the hydrolysis of ethyl oxanilate with an anhydrous 
alcoholic solution of hydroxylamine. The acetyl derivative is acid in 
properties and slightly soluble in alcohol. When the calculated 
* Commercial methylated spirit distilled first over lime and then over calcium 
arbide waa used. 
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quantity of sodium dissolved i n  anhydrous alcohol is  added to  a n  
anhydrous alcoholic solution of the acetyl compound, the sodium salt 
is precipitated as a colourless, gelatinous mass ; this explodes when 
heated, and is soluble in water, giving an  alkaline solution. 
0.4705 gave 0.1423 Na,SO,. 
C,,H,O,N,Na requires Na  = 9.42 per cent, 
Carbon yldiphenylcarbamide, CO(NH* GO NH* C,H,),, is precipitated 
when a n  aqueous solution of the sodium salt of phenylacetylhydroxy- 
oxamide is warmed on a water-bath for half an  hour. It crystallises 
from alcohol in large, prismatic needles which melt at 1 4 0 O .  
0.2080 gave 0,4592 CO, and 0.0900 H,O. C = 60-20 ; H = 4-80. 
0.1612 gave 26.6 C.C. moist nitrogen at 17" and 754 mm. 
C,,H,,O,N, requires C = 60.40 ; H = 4.69 ; N = 18.79 per cent. 
It is slightly soluble in  hot water, and when boiled with hydro- 
chloric acid yields carbon dioxide, ammonium chloride, and aniline 
hydrochloride. Mori ophenglbiuy-et, C,H,*NH CO*NH* CO *NH,, is pre- 
cipitated when a solution of phenylacetylhydroxyoxamide in dilute 
ammonia is warmed. It crystallises from water in slender needles 
which melt and decompose at 150'; when crystsllised from chloroform, 
it melts a t  154" and decomposes a t  156O. 
Na = 9-79. 
N =  18.99 
0.1310 gave 0.2570 CO, and 0.0628 H,O. 
0.1256 ,, 25.6 C.C. moist nitrogen at 13' and 733 mm. N =  23.20. 
C,H,O,N, requires C = 53-63 ; H = 5.02 ; N r= 23.46 per cent, 
When heated with aniline, monophenylbiuret yields ammonia and 
8-diphenylbiuret (m. p. 210'), so that it appears to be identical with 
the  product obtained by Weith (Ber., 1877,10, 1744) by the action of 
phosphorus trichloride on phenylcarbamide. 
C=53*50; H=5*32.  
p-Tolglhydroxyoxamide. 
p-Z'olylhydrorcyoxamide, CH,*C,H,*NH*CO*CO*NH*OH, is obtained 
in  the form of an  amorphous hydroxylamine salt, when ethyl p-tolyl- 
oxamate (1 mol.) dissolved in anhydrous alcohol is hydrolysed with an  
anhydrous alcoholic solution of hydroxylamine (2 mols.). The 
hydroxyoxamide is obtained by boiling the hydroxylamine salt with 
dilute acetic acid. It crystallises from acetic acid in clusters of 
beautiful, slender needles or in  lamime with a pearly lustre, and melts 
and decomposes at 15'. 
0.1788 gave 22.8 C.C. moist nitrogen at 1 7 O  and 742 mm. N =  14.44. 
CgH,,O,N, requires N = 14.43 per cent. 
It gives the coloration with ferric chloride characteristic of 
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hydroxamic acids, and when boiled with its own weight of a mixture 
of equal parts of acetic anhydride and glacial acetic acid yields 
p-ToZykccetyZhydvoxyoxamide, CH, C,H,*CO-C(OH): NO*CO*CH,, 
which crystallises from acetic acid in shining laminae melting and 
decomposing at 178". 
N = 11 *98. 0.1483 gave 15.4 C.C. moist nitrogen at 17" and 752 mm. 
CllH1204N2 requires N = 11 4 6  per cent. 
It is moderately soluble in hot alcohol, and when neutralised with 
alcoholic solutions of ammonia and sodium ethoxide forms well- 
defined salts. The ammonium salt crystallises in lustrous laminae 
which decompose a t  137.5'. The sodium salt is a microcrystalline 
powder ; this dissolves easily in water, and the solution, when boiled, 
deposits 
CarbonyZdi-p-toZ&arbumide, CO(NH*CO*NH*C,H,*CH,),, which 
crystallises from dilute alcohol in prismatic needles melting at 170'. 
0*1300 gave 19.6 C.C. moist nitrogen at 17O and 746 mm. N =  17.16. 
C,7Hl,0,N, requires N = 17-17 per cent. 
The sodium salt of p-tolylacetylhydroxyoxamide dissolves in absolute 
ethyl alcohol after boiling for some hours, and the solution then con- 
tains sodium acetate and 
Ethyl p-tolykallopl~anate, CH,*C,H,*NH*CO*NH *CO,*C,H,, which is 
obtained by extracting with ether the residue left after evaporation of 
the alcohol. It crystallises in long, white, acicular needles and melts 
at 1459 
N = 12.94. 0.1641 gave 18*3 C.C. moist nitrogen a t  17O and 760 mm. 
When heated at 100' for six hours in a sealed tube with concen- 
trated aqueous ammonia, i t  is converted into 
p-Tolylbiuret, CH,*C,H,*NH*CO*NH*CO*NH,, which is, however, 
best prepared by boiling a solution of the ammonium salt of p-tolyl- 
acetylhydroxyoxamide in dilute aqueous ammonia. It crystallises in 
needles from dilute ammonia or alcohol and melts and decomposes 
at 194O. 
CllH1403N2 requires N = 12.6 1 per cent. 
0,1241 gave 23 C.C. moist nitrogen at 17" and 760 mm. 
It is insoluble in ether, and does not give the biuret reaction. 
N = 21.50, 
C9HllO2N, requires N = 3 1 076 per cent, 
a-Naphthy Zhydroxy oxamide. 
a-Naphthylhydroxyoxamide, C loH7 *NH CO COON H* OH, is obtained 
in an analogous manner to  the p-tolyl compound by the hydrolysis of 
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ethyl a-naphthyloxamate with hydroxylamine. The hydroxylamine 
salt melts and decomposes at 152", and when boiled with dilute acetic 
acid is converted into the hydroxyoxamide. This crystallises from 
acetic acid in needles which melt at 172'. 
0.1071 gave 11.4 C.C. moist nitrogen at 16O and 745.5 mm. N =  12.16. 
Ul,Hlo03N2 requires N = 12.1 7 per cent. 
I t  gives the coloration with ferric chloride characteristic of hydr- 
oxamic acids, is slightly soluble in most organic solvents, and when 
boiled with acetic anhydride and glacial acetic acid yields 
a-Naphthylacetylhydroxyoxamide, CloH7*NH* GO* C( OH) :NO* CO*CH,, 
which crystnllises in clusters of felted and silky needles and melts and 
decomposes at 170". 
N = 9.98. 0-1478 gave 12.9 C.C. moist nitrogen at 16" and 746 mm. 
Cl,H1204N, requires N = 10.25 per cent. 
The sodium salt is deposited in lustrous laminae, when an alcoholic 
solution is neutralised with sodium ethoxide, The ammonium salt 
crystallises from anhydrous alcohol in needles which melt and decom- 
pose a t  140-141'. 
Carbonyldi-a-n~p~~thylcarbumide, CO(NH*CO*NH*Cl,H7),, is precipi- 
tated when an  aqueous solution of the sodium salt of a-naphthylacetyl- 
hydroxyoxamide is boiled. It crystallises from dilute alcohol in 
rosettes of lustrous needles? melts a t  202-203', then solidifies, and is 
still solid at 290'. 
0.17215 gave 22.4 C.C. moist nitrogen a t  16O and 746 mm. N =  14.27. 
C23H1,03N4 requires N = 14.07 per cent. 
EtliyE a-na~htl~ylcZZop~u~u~e, CloH7*NH*CO*NH*C0,*C2H5, is ob- 
tained in an  analogous manner to the tolylallophanate. It crystallises 
from ether, light petroleum, or benzene in long, prismatic needles and 
melts at 170-170*5". 
0.1407 gave 13.2 C.C. moist nitrogen a t  18' and 752 mm. N=10*72. 
When heated in a sealed tube a t  100' for 6 hours with concentrated 
aqueous ammonia, it is converted into 
a-Naphthylbiuret, CloH7*NH*CO*NH*CO*NH2, which is also readily 
obtained by boiling an aqueous solution of the ammonium salt of 
a-naphthylacetylhydroxyoxamide with a solution of ammonium car- 
bonate. It crystallises from alcohol in small needles which melt a t  
210-211'. 
0.1119 gave 17.7 C.C. moist nitrogen at 16' and 746 mm. N =  18-09. 
C,,H,,O,N, requires N = 10.85 per cent. 
Cl,HI,02N, requires N = 18.34 per cent, 
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It is slightly soluble in water and ether, but does not give the 
biuret reaction, 
P-iVaphtA y lh ydroxyoxanzide. 
P-Naphth~Zhyd~.oxyoxamide, C,, H7 *NH COO CO*NH OH, is easily 
obtained by the hydrolysis of ethyl /3-naphthyloxamate* with hydroxyl- 
amine. It crystallises from dilute acetic acid, and melts and decom- 
poses at 174O. 
0.1858 gave 20 C.C. moist nitrogen ato 17" and 740 mm. N =  12.15. 
The ucetyl derivative crystallises from acetic acid in needles, and 
0.2079 gave 18.6 C.C. moist nitrogen a t  15O and 740 mm. N =  10.19. 
C1,H,,04N2 requires N = 10.25 per cent. 
The ammonium salt crystallises in lustrous laminae, and melts and 
decomposes at 140O. The sodium salt was obtained as a micro- 
crystalline powder. 
The following compounds were obtained by methods analogous t o  
those used for preparing the a-naphthyl compounds. 
C~rbonyldi-P-nap~thyzcarbamide, CO(NH*CO*NH*C1,H,)2, crystal- 
lises from dilute alcohol in needles which soften at 213' and decom- 
pose a t  about 290O. 
0*1014 gave 12.4 C.C. moist nitrogen at 195O and 760 mm. N =  14.02. 
Edhyl P-naphthylallophanate, C,,H7*NH CO*NH*CO,C,H,, crystal- 
0.1579 gave 15.3 C.C. moist nitrogen at 19O and 756 mm. N =  11.08. 
P-Naphthylbizcret, ClOH7 *NH*CO*NH*CO*NH,, crystallises from 
0.1301 gave 20.4 C.C. moist nitrogen a t  14O and 742 mm. N =  18.09. 
C,,Hlo03N2 requires N = 12.17 per cent. 
melts and decomposes at 172O. 
C,,H1,03N4 requires N = 14.07 per cent. 
lises from alcohol in prismatic needles and melts at 140'. 
C,,H,,O,N, requires N = 10.85 per cent. 
alcohol in small prisms which melt and decompose at 203' 
C,,H,,O,N, requires N = 18-34 per cent. 
s-Dihydroxyoxamide, OH*NH*CO*CO*NH*OH (oxaldihydroxamic 
acid), has been prepared by Hantzsch (Ber., 1894, 27, Sol), who has 
* No descriptions of ethyl 6-naphthyloxamate and s-di-8-naphthyloxamide are to 
be found in the literature. These substances are easily prepared by heating calcu- 
lated quantities of 13-naphthylamine and ethyl oxalate and are easily separated, 
since the oxamide is practically insoluble in alcohol. The oxamide crystallises from 
toluene in silky needles and melts at 274-275". The oxamate crystallises in 
needles from alcohol and melts at 121". 
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NOTE ON PYROMUCYLHYDROXAMIC ACID, 847 
also described a tetracetate (m. p. 141'). This acetate, however, 
appears to be a diacetate of the formula [C(OH):NOAc],, since deter- 
minations of its molecular weight in acetic acid solution, by the 
freezing point method, gave 202 and 210 (the diacetnte would have 
a molecular weight 204 and the tetracetate 312). Further, this 
diacetate has a slightly acid reaction and dissolves in  a solution of 
sodium carbonate ; the resulting solution, after warming, contains 
small quantities of hydranine; the presence of hydrazine in  the 
solution was proved by the reduction of Fehling's solution and the 
formation of benzalazine (m. p, 92") when the solution was shaken 
with benzaldehyde. The formation of hydrrLzine can be explained 
by the general reaction of hydroxamic acids, thus : 
[C(ONa):N0Acl2 + (ONC*CNO) + OCN*NCO. 
OCN*NCO + 3H,O = N,H, + ZCO,. 
The preliminary work in connection with this research was car- 
ried out by one of us (R. H. p.) when holder of a Priestley Re- 
search Scholarship a t  Mason University College, 
MUNICIPAL TECHNICAL SCHOOL, 
BLACKBURN. 
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